Multimedia System
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Unit 8: Multimedia Application

Every concept covered so far — audio, images, video, compression, programming abstractions, and design —
ultimately exists to support real-world multimedia applications. This final unit surveys how multimedia is
actually applied: from preparing and integrating media, to entertainment, healthcare, education, professional
video production, and large-scale communication systems like video conferencing and video-on-demand.

1. Media Preparation and Composition

Media preparation is the process of capturing, editing, and formatting individual media elements (text, audio,
images, video) so they are ready for use in a finished multimedia product. Composition is the next step:
arranging and combining these prepared elements together into a coherent, unified final piece.

Stage Plain Description
Capture Recording or sourcing raw media (Units 2-4): recording audio, taking photos, filming
P video
.. Trimming, correcting, and enhancing each media element individually (Unit 3's image
Editing/cleanup .. & . .o & g y( &
editing, audio editing)
. . Converting each element to the correct file format, resolution, and compression for
Formatting/encoding ) .- .
its destination (Units 3-5)
.. Arranging the prepared elements together in time and space — positioning images,
Composition/layout . &S . p P . . & P P E tthag
timing audio with video, sequencing screens
. Aligning related elements so they occur together correctly (e.g. matching narration
Synchronization g & s S0 TheY g y(eg g
audio to on-screen animation timing)

Note: Media preparation and composition is essentially the practical, hands-on version of the 'development phase'
described in Unit 7 — this is where individual assets actually become a finished multimedia piece.

2. Media Integration and Communication

Media integration is the technical process of combining different media types into a single working
application or communication system, so that text, audio, video, and graphics can be created, stored,
transmitted, and presented together seamlessly.



Media Integration: Combining Multiple Media into One Application
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Figure 1: Multimedia applications integrate several dif ferent media types into one unified experience.

Once different media are integrated, they often need to be communicated — transmitted between systems or
people. This draws directly on the transmission concepts from earlier units: audio and video compression
(Unit 5), streaming and bandwidth management (Units 2 and 4), and network protocols suited to real-time or
on-demand delivery.

Integration/Communication How It Is Addressed

Challenge

Standardized container/codec combinations (Unit 4) so different media play

Different formats and codecs
correctly together

Timestamps and synchronization protocols keep audio, video, and other

Timing and synchronization .
£ y elements aligned

Compression (Unit 5) and adaptive streaming techniques reduce data while

Bandwidth limitations . .
preserving acceptable quality

Using widely supported formats/standards so content works across many

-platf tibilit ) .
Cross-platform compatibility devices and operating systems

3. Media Entertainment

Entertainment is one of the largest and most visible application areas of multimedia, drawing on nearly every
technique covered in this course — audio (Unit 2), graphics (Unit 3), video and animation (Unit 4), and
compression for distribution (Unit 5).



Entertainment Application Multimedia Techniques Used

Video/audio compression and codecs (Units 4-5), editing and production (Section

Films and streaming video 6), VOD delivery (Section 8)

Real-time computer graphics and animation (Unit 4), interactive control methods

Video games (Unit 4 Section 8), audio mixing

Music and audio streaming Digital audio representation and compression (Units 2 and 5)

Virtual and augmented reality Real-time 3D rendering, motion tracking/control (Unit 4), immersive audio

Combines user-generated images, audio, and video with interactive UI design

Interactive/social media content .
(Unit 7)

Note: The entertainment industry is often the driving force behind advances in compression and streaming technology,
since it has both the largest audiences and the strongest commercial demand for higher quality at lower bandwidth.

4. Telemedicine

Telemedicine uses multimedia and telecommunications technology to deliver healthcare remotely — allowing
patients and medical professionals to interact, share information, and even monitor health conditions without
being physically present in the same location.

Basic Telemedicine System Architecture

Patient Site Network / Doctor / Specialist Site
(Camera, Microphone, [——p| Telemedicine Platform |——p (Video Console,
Medical Sensors) (secure video + data link) Medical Records Access)
‘ :

Live video/audio consultation plus secure transmission
of medical images, vitals, and patient records

Figure 2: A basic telemedicine system links a patient site and a doctor/specialist site through a secure multimedia network
connection.



Telemedicine Application Plain Description

Real-time audio/video calls between patient and doctor, similar in technology to

Video consultation . . .
video conferencing (Section 7)

Transmitting medical images (X-rays, MRI/CT scans) to specialists elsewhere for

Remote diagnostic imagin . . ..
£ £ing review (Unit 3 image transmission)

Continuous transmission of vital signs/sensor data, sometimes alongside live or

Remote patient monitorin .
P & recorded video

Secure transmission and storage of multimedia patient records, including images and

Medical record sharing video

Very low-latency, high-reliability video and control data transmission to guide

Tele-surgery / robotic assistance .
remote-assisted procedures

Note: Telemedicine has especially strict requirements for reliability, security, and low latency compared to general
entertainment streaming, since delayed or corrupted data can have real clinical consequences.

S. E-Learning

E-learning applies multimedia to education and training, delivering lessons, demonstrations, and assessments
through digital content rather than (or alongside) traditional in-person teaching.

E-Learning Element Multimedia Role

Recorded video lectures Combine instructor video, slides, and audio narration (Units 2 and 4)

Use animation and interactivity (Unit 4) to let learners experiment safely (e.g.

Interactive simulations ) .
virtual lab experiments)

Combine text, diagrams, audio, and video in a structured, navigable format (Unit

Multimedia textbooks/courseware . ..
7 design principles)

Use interactive Ul elements (Unit 7) with immediate feedback to test

Quizzes and assessments .
understanding

Use video conferencing technology (Section 7) for real-time teacher-student

Live virtual classrooms . .
interaction

Good e-learning design relies heavily on the user interface principles from Unit 7 (clear navigation,
consistency, accessibility) since learners must be able to focus on the content itself rather than struggling with
a confusing interface.

6. Digital Video Editing and Production Systems

Professional and amateur video content alike is created using digital video editing and production systems —
software tools that let editors assemble, refine, and finalize raw footage into a polished final video.

Production Stage Plain Description

Planning, scripting, and storyboarding before filming begins (closely related to

Pre-production Unit 7's design phase)




Production Stage

Plain Description

Production / capture

Recording raw video and audio footage using cameras and microphones (Units 2
and 4)

Non-linear editing (NLE)

Assembling and rearranging video clips freely on a timeline, regardless of their
original recording order

Color correction/grading

Adjusting brightness, contrast, and color tone for visual consistency and mood
(Unit 3 color concepts)

Audio mixing

Balancing dialogue, music, and sound effects (Unit 2)

Visual effects and titles

Adding animated graphics, transitions, and text overlays (Units 3-4)

Rendering/export

Compressing and encoding the final edited video into a delivery format (Units 4-5)

Note: 'Non-linear' editing is named in contrast to older tape-based editing, where footage had to be edited strictly in

sequential order — modern digital systems let editors work on any part of the timeline at any time.

Video conferencing allows two or more people in different locations to communicate in real time using

7. Video Conferencing

synchronized live audio and video, making it one of the most demanding multimedia applications since it

must compress, transmit, and decode multiple live streams with minimal delay.

Video Conferencing System Architecture

Conferencing

Server /| MCU

Participant A
(camera+mic)

Participant B Participant C Participant D
(camera+mic) (camera+mic) (camera+mic)

The server (MCU - Multipoint Control Unit) receives each participant's audio/video,
mixes or routes the streams, and sends the combined feed back to everyone.

Figure 3: A typical video conferencing system uses a central server (or MCU) to receive, combine, and redistribute each

participant's audio/video streams.



Key Requirement Why It Matters

Delay between speaking and being heard/seen must be minimized to feel like a

Low latenc .
y natural conversation

Audio/video must be compressed and decompressed fast enough to keep up with

Real-time compression . .. .
P live transmission (Units 2, 4, 5)

Echo cancellation / noise Audio processing removes feedback and background noise for clearer
suppression communication

Automatically lowers video quality/resolution when network conditions are poor,

Bandwidth adaptation to keep the call running smoothly

The server (or each client) combines multiple incoming video/audio streams into

Multi-party mixing a usable layout

Example 1: Estimating Video Conferencing Bandwidth

Question: A video call uses a compressed video stream requiring 1.5 Mbps and a compressed audio stream
requiring 0.1 Mbps per participant. For a 4-person video conference call (where each participant both sends
their own stream and receives the other three participants' streams), estimate the total download bandwidth
required at one participant's device.

Solution / Explanation:

Bandwidth per incoming stream = Video + Audio = 1.5 + 0.1 = 1.6 Mbps.

Each participant receives streams from the other 3 participants (in this simple non-mixed model).
Total download bandwidth = 3 x 1.6 Mbps = 4.8 Mbps.

(In practice, a central server/MCU may instead mix all streams into a single combined feed, reducing the
bandwidth required at the participant's device — but the underlying total data being moved through the
system remains substantial, which is why video conferencing is so bandwidth-sensitive.)

8. Video-on-Demand

Video-on-demand (VOD) lets viewers select and watch video content whenever they want, rather than at a

fixed broadcast time — the model used by virtually all modern streaming services.



Video-on-Demand (VOD) System Architecture

Content Library
(encoded video
files, metadata)

—> VOD Server —| (Content Delivery —p
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On-demand: the viewer selects and requests a specific title, which is then streamed
(often via adaptive bitrate streaming, Unit 4) rather than broadcast on a fixed schedule.

Figure 4: A VOD system stores pre-encoded content and streams it to viewers on request, often through a Content Delivery

Network (CDN).

VOD Component Plain Description

Content library

A catalog of pre-encoded video files (often in multiple quality levels) and their
metadata

Streaming/VOD server

Handles user requests and delivers the correct video stream, often starting playback
from any point in the file

Content Delivery Network
(CDN)

A geographically distributed network of servers that cache and deliver content from
a location close to each viewer, reducing delay

Adaptive bitrate streaming

Automatically switches between pre-encoded quality levels based on the viewer's
current network speed (Unit 4)

Viewer device/player

Requests, buffers, and plays back the streamed content, often allowing pause,
rewind, and seek

Example 2: Estimating VOD Storage Requirements

Question: A video-on-demand service stores a library of 5,000 movies. Each movie is encoded at three
quality levels (for adaptive streaming) averaging 1.2 GB, 2.5 GB, and 4.8 GB respectively per movie.
Estimate the total storage required for the entire content library.

Solution / Explanation:

Total size per movie (all 3 quality levels) = 1.2 + 2.5 + 4.8 = 8.5 GB.

Total library storage = 8.5 GB x 5,000 movies = 42,500 GB.




Convert to terabytes: 42,500 + 1,024 =~ 41.5 TB.

This demonstrates why large VOD providers rely on massive data center storage combined with CDNs
(Figure 4) — both to hold this volume of pre-encoded content and to deliver it efficiently to millions of
viewers simultaneously.

Key Takeaways — Unit 8

e Media preparation captures and refines individual media elements; composition arranges and
synchronizes them into a finished multimedia piece.

o Media integration combines different media types into one application or communication system,
addressing format, timing, bandwidth, and compatibility challenges.

o Media entertainment (film, games, music, VR) draws on nearly every technique from earlier units,
from compression to real-time rendering.

« Telemedicine uses multimedia to deliver remote healthcare, with especially strict reliability and latency
requirements.

o E-learning applies multimedia and interface design principles to deliver education through video,
simulations, courseware, and live virtual classrooms.

« Digital video editing and production systems take raw footage through pre-production, non-linear
editing, color/audio work, effects, and final rendering.

» Video conferencing delivers real-time multi-party audio/video communication, requiring low latency,
real-time compression, and bandwidth adaptation.

» Video-on-demand stores pre-encoded content and streams it on request, typically using adaptive bitrate
streaming and CDNss to serve viewers efficiently at scale.

— End of Unit 8§ —




